Abstract-We previously reported that the pressor action of propranolol was observed in the rat anesthetized with urethane.
Abstract-We previously reported that the pressor action of propranolol was observed in the rat anesthetized with urethane.
In the present study, rats, anesthetized with pentobarbitone or ether, treated with curare or unanesthetized, were used to investi gate the influence of anesthetics on the blood pressure response to propranolol. Pro pranolol always produced a pressor response under these experimental conditions as well as urethane anesthesia.
But under pentobarbitone anesthesia, the magnitude of the pressor action was significantly lower than that obtained under the other ex perimental conditions. It is concluded that the choice of urethane as the anesthe tic does not create a situation irrelevant to that found with other anesthetics and that the cardiovascular responses of rat to propranolol are unique when compared to other species.
Propranolol, a sympathetic fl-blocking agent, is considered to produce a fall in blood pressure both in humans and in experimental animals. On the other hand, in our pre vious papers (1, 2) it was shown that propranolol produced a sustained pressor action in the rat under urethane anesthesia, and that this action was considered to be due to the blockade of f3-receptor vascular tone in the peripheral vessels. Dasgupta (3) and Regoli (4) also reported that this drug produced a pressor response in rats anesthetized with ure thane. This difference in action of propranolol on blood pressure of rats and other species of animals may be explained by the following two reasons as we have mentioned pre viously (5): (a) the f3-adrenoceptive vasodilator tone was so strong that a passive vaso constriction induced by the blockade of f3-receptors with propranolol was marked in rats;
(b) the depressant effect of propranolol on the heart was relatively small in rats. However, Barrett (6) suggested, from his study on the effect of propranolol on the heart rate in rats, that the influence of anesthetics on the cardiovascular system is not negligible and urethane is not suitable for these experiments as the anesthetic. He also suggests that the cardiovascular responses of the rat to propranolol were not different from those of other animals.
The present experiments were performed under pentobarbitone or ether anesthesia and also in the curare-immobilized or unanesthetized rats to investigate the influence of anesthetics on the cardiovascular responses to propranolol. In some experiments, rats were fixed on their back after light ether anesthesia and then curare (0.3 to 0.5 mg;'kg s.c.) was injected to immobilize them under artificial venti lation. In other experiments, rats were fixed on their back after light ether anesthesia and then the operation was carried out under local anesthesia with 2 procaine.
MATERIALS AND METHODS
Arterial blood pressure was measured from the right carotid artery with an electronic manometer (MPU-0.5 290, SAN-El ). The right jugular vein was cannulated for i.v. injection of drugs. Heart rate was measured with a pulse rate tachometer (Type 2130, SAN-EI ). Blood pressure and heart rate were recorded simultaneously on an ink-writ ing recorder.
Propranolol hydrochloride (Inderal, I.C.I.) was diluted in 0.9 °,'o saline and injected in a volume of 0.2 ml,/animal, followed by 0.05 nil of saline solution. RESULTS F.ffcct of propranolol on blood pressure and heart rata in iman stlteti7ed rats
Observations were made in 21 rats. Propranlolol (0.1 to 0.5 mg/kg i.v.) produced a sustained presser action and a decrease in heart rate in all rats (Fig. 1) . The magnitude and duration of the rise appeared to be dose dependent.
Fry,. 1. Rat, 300 g, operatel on under local anesthesia with 2go procaine. Records of arterial blood pressure (B.P.) and heart rate (H.R.).
Response to the intra venous injection of propranolol (PP). Ejfcct of proprauolol ill ruts treated u ith curare In 25 rats, curare (0.3 to 0.5 mg/kg) was injected s.c. under artificial ventilation. Propranolol (0.1 to 0.5 mg/kg i.v.) produced a sustained rise in blood pressure and a de crease in heart rate in all rats (Fig. 2) . This rise in blood pressure and the decrease in heart rate were similar to those obtained in unanesthetized rats (Table 1) .
Effect of propranolol under urethane anesthesia
Observations were made in 41 rats. Propranolol (0.1 to 0.5 mg/kg i.v.) produced a sustained pressor action and a decrease in heart rate in all rats except one. This rise in blood pressure was similar to that obtained in unanesthetized rats and in rats treated with curare. But the decrease in heart rate was significantly lower than that obtained in curare treated or unanesthetized rats (Table 1) .
Effect of proprauolol under ether anesthesia
Observations were made in 23 rats. Propranolol (0.1 of 0.5 mg/kg i.v.) produced a sustained pressor action and a decrease in heart rate in all rats (Fig. 3) . The rise in blood pressure was slightly greater than that obtained in rats anesthetized with urethane and in unanesthetized rats, but the dilYerences were not significant. The decrease in heart rate was significantly lower than that obtained in curare-treated or unanesthetized rats ( produced a slightly sustained rise in blood pressure and decrease in heart rate. In 7 rats, however, propranolol produced a slight fall in blood pressure and no change occurred in 3 rats. Fig. 4 shows two examples of the changes induced by propranolol on the blood pressure and heart rate of rats anesthetized with pentobarbitone. The rise in blood pres sure was significantly lower than that obtained in unanesthetized or curare-treated rats and in rats anesthetized with urethane or ether. The decrease in heart rate was significant ly lower than that obtained in curare-treated or unanesthetized rats, but was similar to that obtained under urethane anesthesia (Table 1) .
DISCUSSION
In the present study, propranolol produced a pressor action of similar magnitude in ether anesthetized rats and in curare-treated or unanesthetized rats. Under pentobarbi tone anesthesia this drug, in most cases, produced a smaller rise in blood pressure than under the other experimental conditions.
Barrett (6) pointed out that urethane is not suitable as an anesthetic for experiments to observe the action of autonomic blocking drugs, because this anesthetic raises the auto nomic activity to an artificially high level. However, in guinea pigs (5) and rabbits (7), the pressor action of propranolol was difficult to observe even under urethane anesthesia, whereas the action could be observed in rats under other experimental conditions. These results suggest that urethane is not specific as the anesthetic and the cardiovascular re sponses of the rat are different from those of other animals.
In general, the depressant action of anesthetics on the autonomic function has been often demonstrated experimentally. It is well known, above all, that barbiturates have a strong ganglionic blocking action (8) . For this reason, it may be expected that bar biturates depress /-adrenoceptive vasodilator tone in the peripheral vessels, thus making it difficult to observe the pressor response derived from the blockade of peripheral j -recep tor vascular tone with propranolol.
Therefore, pentobarbitone anesthesia may not be suitable for such an experiment.
Barrett (6) used pentobarbitone in the large dose of 55 mg/kg while in our experiments a dose of 35 mg/kg was sufficient to achieve anesthesia in rats. It is reasonable to sup pose that the depression of autonomic activity is lower in the latter case. Thus, it is pos sible to conclude that the pressor action of propranolol in rats is not the artificial results derived from anesthesia, but as we have emphasized, this action is unique in the rat.
There are several reports (9-11) that ether anesthesia produces sympathoadrenal sti mulation. In the present study, there was little evidence that ether caused such an effect on the sympathetic nervous system, because initial level of heart rate and blood pressure before propranolol was significantly higher in unanesthetized rats than in anesthetized ones.
This fact suggests that the sympathetic activity to the heart and peripheral vascular beds may be expected to be raised to a high level by the various stimuli derived from unanesthe tized and restricted conditions. With regard to these facts, Tabei et al. (12) showed, using a tail plethysmographic technique, that propranolol and pronethalol caused a pressor action in conscious hypertensive rats.
The degree of decrease in heart rate by propranolol was significantly smaller in rats anesthetized with pentobarbitone as well as with urethane or ether than in curare-treated or unanesthetized rats. A possible explanation for this finding is that these anesthetics may to some extent depress the sympathetic tone to the heart. Another explanation could be that the sympathetic activity to the heart in unanesthetized rats was raised to an artificially high level by the various stimuli derived from unanesthetized and fixed con ditions.
